In a method developed for measuring the adhesion of metallic films for hybrid microelectronic circuits, pull rods soldered or epoxy bonded to metallization pads are pulled off at an angle normal to the substrate. The test circuits and testing devices are described. Tensile strengths of 40 to 80 N/mm 2 and 5 to 30 N/mm 2 are typical for thin-film circuits and thick-film circuits, respectively. The weakest point in the overall circuit configuration is determined. The information obtained indicates the maximum permissible mechanical loads to which the discrete devices of microelectronic circuits can be exposed and may also be evaluated for process optimization.
INTRODUCTION
The adhesion of metal films deposited on glass and ceramic substrates is a significant figure of merit for the reliability of hybrid thin-film and thick-film circuits. It is dependent on the choice of substrate material, the film composition and the process by which the films are deposited. It can be further influenced by the material composition and the method by which discrete devices are bonded, as well as by the effects of aging and elevated temperatures during operation.
There are various methods of testing the adhesion of films, [1] [2] [3] [4] some of which however yield only qualitative data. The essential problem of testing the adhesion of films is that it is not usually possible to take hold of the film directly in order to peel it off normal to the plane of the substrate. Instead it is necessary to prepare samples for testing in a testing setup for the determination of their resistance to pull forces or peel forces, which is a measure of the adhesion of the metallization.
A method used by Siemens over some years for the quantitative testing of tensile strength in both process development and quality control will be outlined below and typical results of the testing of thinfilm and thick-film circuits reported.
EXPERIMENTS
A test sample with mm by mm pads to which copper pull rods 0.8 mm in diameter can be soldered 147 or epoxy bonded normal to the plane of the film was used for testing. A schematic representation of the cross section through a soldered joint is shown in Figure 1 . The adhesion reliability of the metallization is liable to be influenced by the attachment of the pull rods. This however simulates realistic conditions, as the adhesion of metallization at points where discrete devices have been bonded is of particular interest because it is precisely at such points that maximum stresses occur.
One of the principal advantages of this method is that normal hybridization practices can be simulated. Thus the pull rods can be attached with various solders or conductive and nonconductive epoxies under the conditions specified for hybridization processes. It is further possible to observe the effects of metallurgical changes from the aging of samples and to draw inferences concerning long-term performance and reliability.
The samples are clamped in the test setup shown schematically in Figure 2 . A special gripping device grasps the pull rod and pulls at it with a rate of 10 mm/min. The resulting force measurements are communicated by the force measuring element of the pull machine to a plotter or, via an analog-todigital converter, to a computer. The tensile strength can be determined at various temperatures from a temperature-controlled bench. 6 The tensile strength 0 (6) .
The tensile strength of thick-film circuits bonded with Sn60 Pb40 or a similar solder with Ag is usually inferior to that of thin-film circuits, whereby the values for PdAu pastes (9) are below those of PdAg pastes (8). Table I All the tabulated data were recorded directly after pull rods had been bonded to the samples. Solder and epoxy resin bonds are however subject to aging effects in the same way as metallization. In the interest of adhesion reliability it is therefore additionally necessary to determine the tensile strength after aging processes such as storage at All samples show a degradation of adhesion reliability, whereby the larger percentual degradation in the case of thin-film circuits with electroplated copper conductors is due to the formation of a brittle CuSn phase.
Since the tensile strength is determined on the basis of the weakest point of the sample, an investigation of the point of rupture needs to be included in the analysis of the results. Only if the location and type of rupture are known will it be possible to introduce measures for increasing adhesion reliability and to formulate an acceptable definition of the term tensile strength.
If the rupture occurs in the film (Figure 4b ), at the surface of the film (Figure 4c ), in the substrate (Figure 4e ) or in the solder (Figure 4f) 
CONCLUSIONS
The described method offers the advantage that tensile strenghts can be quantitatively determined with good reproducibility, so allowing the intercomparison of various technologies. Since the pull rods can be attached in the same way as discrete devices, various solders and conductive epoxies can be tested and the effect of specific process steps, such as repeated soldering in the case of repairs, on tensile strength determined. The determination of the weakest point of the sample is of particular significance in process optimization, while in quality control it may point to possible manufacturing defects. The tensile strength at the weakest point is also of critical interest to users, who may use it as a parameter for deriving guideline values for the mechanical properties of discrete devices bonded to thin-film and thick-film circuits.
